Abstract. The hazards that have cross-border consequences and represent a great problem for communities, become an obstacle to sustainable development and lead to disasters when combined with vulnerability and insufficient capacity to mitigate the risk. A short overview of research already implemented and in progress presents us a shift in systematic evaluation of the hazards and disasters at local and areal level. Hazard assessment of natural disasters (earthquakes, landslides and floods) on these scales can give results which can be directly used to take right decisions regarding preventive measures and plan effective actions of post-event management. The issue is widely recognized in the european union (eu) implicitly also in the black sea area, and a lot of efforts have already been made to mitigate the effects of disasters, obviously through the formation of numerous eu institution, established organizations and funded projects. The key elements for an effective mitigation of natural disasters are hazard identification and risk assessment, which must be based on scientifically grounded methodologies, reliable and accurate data. Successful resolution of the issues mentioned above will provide the ability to systematically assess natural disasters on regional and local scales, even in cross-border areas, by providing comparable hazard maps that will support the decision-making process in relation to mitigation measures required. The effective way of action against them is by providing applied research and technology transfer between partners in different countries by solving the problems such as lack of reliable information and lack of 'common ground' in the methodologies used to assess natural hazards and adopted procedures for mitigation.
Objectives and conditions
Natural hazards particularly in the form of earthquakes, landslides and floods pose a serious threat to society and sustainable development in the European Union (EU) and the Black Sea [1] , [2] area. These risks may lead to natural disasters, if they are combined with an insufficient capacity of the risk reduction. The problem is widely recognised by the EU (Greece, Bulgaria and Romania) and non -EU countries of the Black Sea area (Turkey, Ukraine, Georgia, Russia and Moldova) and a lot of efforts have been spent to mitigate the effects of disasters, through an ongoing effort to reduce the impact of disasters on people and property. Mitigating the effects of disasters as a management process is usually divided into pre-event measures -actions taken during and immediately after an event and post-disaster measures, all classified into four basic stages -prevention, preparation, response and recovery. Pre-event measures are the most profitable, provided that they should be based on accurate and reliable identification of the hazards and risk assessment for the remaining stages of the mitigation process. Therefore, identification of the hazard and risk assessment can provide the framework needed for an effective prevention of natural [3] , [4] hazard. The particular significance of these parameters in all stages of hazards underlines the need for their assessment, which must be based on accurate and scientifically proven data (after being adapted to local conditions, tested and accepted) and on appropriate methodologies. The purpose of this study is to give an overview of past actions and to assess current and future trends in natural risk mitigation in the EU and neighboring countries in the wider Black Sea Area (Fig.1 ).
"Working Group on the prevention and protection against floods", which in turn has led to the adoption of the "Guidelines on Sustainable Flood Prevention" at the meeting of the parties to the Convention of 2000. As a result of this action, the guidelines complemented by the model of the provisions on Cross-border Flood Management [12] , [13] . Floods Directive [14] is applied at this stage and covers only a preliminary assessment of flood risk, with a more or less descriptive nature [15] . According to the Directive, the flood risk assessment in a river basin will take place at a later stage after providing valuable information as long as comparable results are provided in all member states. This requirement makes the harmonisation of methodologies for the assessment of flood risk and data, as well as the acquisition of systematic data, to be absolutely necessary.
In terms of earthquake risk, European codes drawn up by the European Committee for Standardisation, provides a basis for the construction specifications and contracts the engineering and form a framework for the creation of technical specifications, harmonized standards for construction. In particular, the European Code 8 [16] that approaches the design of the structures for the resistance at the earthquake, it is in fact a preventive measure to diminish the risk of earthquake. Also related to the earthquakes is the report of the "Committee of energy research and technology" concerning the creation of a European research area and the measures to regional planning for protection against earthquakes (the European Parliament, DOC_EN RR 244682 244, 31.1.1994) [17] .
Also, different EU interventions are expected in the form of thematic strategies. The Soil Thematic Strategy (STS), which attempts to address soil erosion and landslide risks has as objective the identification of high risk areas and to establish programs to reduce this risk. The Soil Thematic Strategy has 'struggled' for many years to become a 'directive' but without any results yet, so there is a gap in the implementation of the strategy. That being said, land use planning, which is a precondition for efficiency attenuation of the natural disasters risks, is missing in the EU's reference policy.
Funding programmes, such as the European Observation Network for Territorial Development and cohesion programme (ESPON), Copernicus [18] (previously known as GMES -Global Monitoring for Environment and Security) provides the basis for preventive action planning such as INSPIRE [19] , 'natural risk zone section', which provides the framework for data reporting related to the natural hazard. A proposal for a directive on the protection of European Critical Infrastructure was made in 2006, but the framework for deciding on the priority sectors that need to be protected and the selection relative criteria has not been completed. A number of structural funds and cohesion policies have been used to promote research to mitigate the risks of natural disasters. The European Regional Development Fund (ERDF) in the European Territorial Cooperation Programs, including the "EU Strategy for the Danube Region", has been used to promote cohesion between Member States as well as risk mitigation. Although the prevention of hazards from natural disasters seems to capture the attention of more and more, a plan of EU or even guidelines to support the measures for prevention or reduction of risk, are missing.The European Union Solidarity Fund (EUSF), which was created following the flooding extended from Central Europe in 2002, has been established to support major natural disasters and to provide assistance to Member States [21] . Since 2002, it has funded the reconstruction of 56 disasters, including floods, forest fires, earthquakes, storms and drought. On the other hand, efforts to finance prevention actions are very limited.
Additional funding instruments include LIFE+ programmes and Civil Protection Financial Instrument (CPFI), which proved to be limited in terms of resources to support the strategies for the prevention of hazards from natural disasters.The EU's framework programmes for research and development have funded a series of research projects related to the dangers of natural disasters [22] , since 1998 to present. After each period of implementation of a program, evaluation of the results and its evaluation has led to the identification of objectives to be investigated in mitigation of risks of natural disasters. These problems, in all cases have become the main objectives of the next programme, so it seems that there is a continuity in the Framework Programmes from FP5 to FP6 and then FP7. It is interesting to note that, in the first two programs (FP5 and FP6), the attempt to investigate the flood problem, focusing mainly on historical information and realtime flooding, was acknowledged that work had to be done in the development of european databases, including the monitoring of extreme events and their consequences [23] .
The potential future research priorities, following the implementation of the FP6 program, included the study of sedimentation / detritus generation and extreme flood propagation; probabilistic real-time of multiple danger events; feasible options for extreme floods; non-invasive technologies to measure flood defense infrastructure and the performance of sewer systems during storm and intense rainfall. FP7, which followed, as well as projects funded by other EU bodies and financial instruments, focused exactly on the above mentioned objectives, providing valuable results on the mitigation of natural hazards and in particular on the evaluation of hazards and on the use of new technologies for hazard assessment. The results of the research projects implemented and funded by all the abovementioned programs, as defined by the European Commission, suggests that there is a need for an integrated approach to natural disasters through prevention and management of hazards in the event of a disaster in a complete way of mitigation of the natural risks and should be -prevention, preparedness, response, recovery [24] . The proposed approach to the mitigation of risks suggests that prevention is the main objective accompanied by impact assessment in a way where planning of preventive measures leads to effective preparedness and response.
The specific objectives set for the future by the European Commission include actions that fall within three axes the development of knowledge based on prevention policies; the link between actors and policies throughout the disaster management cycle, as well as improving the efficiency of existing financial and legislative instruments. The European Parliament resolution of September 2010 provides support to the Commission's priorities for better risk awareness, better coordination of all actors and efficient and innovative funding.
The Commission Staff Working Paper Risk Assessment and Mapping Guidelines for Disaster Management issued by the European Commission (2010) suggests that risk assessments 'are crucial to improving prevention and preparedness activities against disasters and should contribute significantly to planning and building capacity. ' The main purpose of these guidelines and the biggest challenge is to improve the consistency between the risk assessment carried out in the EU Member States at national level at all stages of the risk mitigation cycle in order to make these risk assessments more comparable between EU Member States.It is expected that this approach will lead to greater transparency in the communication on hazards and will make cooperation in efforts to prevent and mitigate feasible common risks. Such risks as cross-border risks are still very difficult to mitigate due to the lack of comparability of the results assessment of risk disasters. As it turns out, the Council and the European Parliament have established as top priorities, those related to prevention of hazards, risk assessment and mapping by improving existing sources of information about the dangers of natural disasters.
These priorities set out by the European Parliament and the Council for the coming years include : a program of best practices, with the aim of leading to EU guidelines on minimum standards for disaster prevention (2012); an overview of major EU risks that it may face in the future (2012); and the support of this tool of governance, as part of the EU cooperation in the management of disaster risk with the European Commission's cooperation with UNISDR and OECD (2013).
Implemented research projects
A brief overview of EU-funded and completed research projects is representative as the implementation stage that followed the policies and initiatives mentioned above. Information about projects with regard to the basic objectives, implementation and results have been collected from various sites and not only: the Framework Programmes of the EU Commission (FP5 / Cordis, FP6, FP7), the JRC (Joint Research Centre), web sites INTERREG. In this context, have been reviewed in more than 50 projects related to risk mitigation of natural disasters and classified according to the objectives and their results, as seen from a long-range.The acronym of the projects by classification categories is presented in Table 1 . Each of the projects appearing in this table is mentioned once for each of the natural disaster hazards.
From the "temporal" evolution of the implemented projects,of their goals and objectives, it is obvious that research and implementation over the last twenty years has progressed since the initial stage, to establish cross-border cooperation between EU countries, to develop methodologies, to assess each of the dangers of natural disasters and then to the development of more effective management plans, and ultimately to the development of early-warning systems and the use of contemporary technologies.
A basic situation that appears to be missing, which is normal, considering the time and money required for its implementation, is the 'preventive measures' project. An effective preventive design measure requires local scale hazard assessment and projects already implemented, may in some cases, include such implementation because it only has to cover restricted areas as it is presented in several case studies carried out on larger areas. There is no assessment of systemic hazards at local scales.
Earthquakes are major natural hazards especially for southern Europe, including the Mediterranean and the Black Sea. The EU has recognized the importance of reducing seismic risk and has actively supported EU countries by legislating and funding projects that have led to significant scientific and technological achievements. The problem that remains is the issue of cross-border cooperation, which is common among efforts to mitigate natural hazards. A goal of the future ,in this regard, could be the development of policies to strengthen crossborder cooperation in terms of strategies of mitigation of the hazards by the earthquake (including prevention and management). To this end, policy-making is essential at government level in order to legislate properly in each of the participating countries. Also, there is a need for technology transfer with the aim of improving rescue methods and developing new technologies in helping to reduce the impact of disasters on life and property.In addition,it is necessary a land-use planning. In any case, the identification of earthquake hazards plays an important role, so it needs to be evaluated using widely accepted, reliable and accurate methodologies supported by equally reliable and accurate data.
For a more practical solution, the threat of earthquake could be assessed not only as an estimate of the earth's parameters (i.e. the maximum of the accelerating of the earth, the maximum speed of the plates, etc.), but as an assessment of the impact of the tellurian movement , in terms of geotechnical hazards caused on the land itself. Maps of potential danger, including the liquefaction , the side to side movement, and maps on the establishment of the soil can also be created and used to make effective decisions on taking the necessary preventive measures to avoid future problems, potential land uses, optimize construction legislation and raise public awareness.
The extensive list of projects related to the flood financed by the EU indicates the extent of the problem in all of Europe, including in the Black Sea area. Cooperation has been established, methodologies were developed and the use of contemporary technologies has led to the development of early warning systems. Floods on large rivers have been investigated in detail and management plans were accomplished.What seems to be lacking is the systematic assessment of flood hazard on a local scale, in order to develop custom preventive measures. Another partial problem is the danger of flash floods. Flash floods are typical in the mediterranean countries and the most common type of flooding in the central part and the southern part of the Black Sea area. They are sudden and violent phenomena that endanger life, property and infrastructure. The problem of flood hazard assessment is that flood-induced streams are usually ephemeral, with little or no water for most of the time, and these basins are generally of limited size and with a steep morphology, so this type of flood has to be addressed by applied research on a local scale.
As a result of the implementation of the projects prevention of landslides, european guidelines have been prepared for the recognition of landslides, to support decisions on land use planning. New technologies such as remote sensing and geographical information system (GIS) are widely applied for the assessment of susceptibility to landslides by assessing geological, hydrogeological and morphometric parameters which are affecting the stability of slope. Various modeling methods have been proposed to assess the threat of landslides in a more reliable and accurate manner, some of which are applied in the wider Black Sea area. EU-funded projects have examined the relationships between precipitation, land use, land cover and the slope failure event, and extensive erosion. The impact of climate change on the occurrence of landslides is also investigated. The ultimate goal of all the efforts with regard to the danger of landslides is to develop methodologies to predict the occurrence and impact of landslides.
Additional issues remaining in regards to the dangers of natural hazards are related to information gaps, comparability of the results of the assessment and the issues related to cross-border issues. That being said, the unavailability of the required data is a double problem, whether there is no data at all or that the available data do not cover the full range (standards, inconsistency of measurements, time periods, etc.) or, finally, the available data are not comparable due to the different way of recording, processing or even coding by different researchers. Only two of the research projects have watched, examined, or attempted to establish guidelines for data harmonization within their broader objectives, but in general this issue remains unsolved. Most of the aforementioned problems have been recognized by the European Commission.
Conclusions
An overview of the EU actions related to the prevention and management of risks of earthquake, landslides and flood reveals the many actions undertaken in relation to legislative measures and structural, as well as the financing of a large number of research projects. These projects helped to establish co-operation, better understanding of processes during these natural phenomena, designing methodologies for modeling the risks of natural disasters and implementing research applied in many cases. Issues related to earthquake and landslide hazards are mostly national, where each country focuses mainly on relief and recovery measures. The local scale hazard assessment has been implemented in some cases in the form of microzoning studies, but in most of these cases there is no systematic risk assessment, nor preventive measures due to the economic cost.
The research applied on the risks of flooding have focused mainly on flooding riparian, probably due to the fact that this type of flooding, which is common in the countries of Central Europe, causing serious damage. As a result, measures have been planned effective for all stages of mitigation and have been developed systems of early warning. On the other hand, have been submitted only a few efforts to address the problem of floods fast which causes serious damage to southern European Union countries and the Black Sea area.
Another serious problem comes from the different methodological approaches used to assess the hazards of natural disasters in the countries bordering the Black Sea basin. They lead to incomparable results, and this problem is widespread, because different methodologies are often used by researchers even in the same country. In order to continue the concrete solutions for the reliable and correct assessment of hazards, this issue needs to be addressed as soon as possible. Achieving a consensus among the scientific community about the data and methodologies used for hazard assessment of natural disasters is in this case absolutely essential, because it will contribute to the creation of a wide network of potential partners with the same scope monitoring and prevention of hazards of natural hazards. In addition, it will provide them with the means to communicate transparently on related scientific issues.
Management strategies should also be harmonized as fully and quickly as possible. Risk management must follow all four stages of the risk management cycle. Cross-border cooperation, especially when considering the danger of floods, is needed at every stage of the process, as it will greatly contribute to the efficient resolution of the problem for the benefit of all partners. Cooperation, in any case, helps to increase the number of available solutions, strengthen the knowledge base and shared information between partners, and select more effective mitigation strategies. Issues that arise when considering cross-border cooperation in reducing flood risk are usually linked to the lack of a legal framework for cooperation, lack of capacity and resources, different institutional structures, lack of political will and lack of public awareness and participation. It is imperative to address all these problems and dysfunctions for better prevention.
Finally, it can be concluded that in order to assess the hazards of natural hazards in the countries of the Black Sea basin, cross-border cooperation, harmonization of the methodologies used, easy or even free access to reliable and accurate harmonized data, as well as accurate hazard maps on local level, to effectively design preventive measures, plan an effective management strategy, and ultimately increase public awareness to achieve an effective reduction of risks to natural hazards.
